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(54) Process of reclamation of SOI substrate and reproduced substrate 



(57) An SOI substrate 1 having semiconductor base 
plate 2 and a single crystal semiconductor layer 4 with 
interposition of an insulating layer 3 is prepared is re- 
claimed through a first removal step of removing the sin- 



gle crystal semiconductor layer 4, and a second removal 
step of removing selectively the insulation layer 3. 
Thereby the loss of the thickness of the base plate in 
the reclamation is decreased in the reproduction of the 
SOI substrate. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a semiconduc- 
tor substrate, and to a process for production thereof. 
Especially the present invention relates to a substrate 
used for production of electronic devices, integrated cir- 
cuits, and the like, and a process for production of the 
substrate. 

[0002] More specifically, the present invention relates 
to a reusable reclaimed substrate which is reclaimed by 
working a substrate having a single crystal semiconduc- 
tor layer provided on an insulating layer, and to a proc- 
ess for reclamation thereof. 

Related Background Art 

[0003] In a semiconductor production process, a large 
number ol wafers are used as test wafers for monitoring 
film thickness in production steps and for monitoring 
particles, and dummy wafers in heating apparatuses. 
Defective wafers are unavoidably formed in the produc- 
tion steps and are rejected in the final inspection step. 
[0004] Bulk wafers are reclaimed and reused usually 
for effective utilization of resources and for cost reduc- 
tion of the semiconductor production. In the reclamation 
process, a film such as polysilicon films for LSI, insula- 
tion films, and aluminum films formed on the surface of 
the wafer is eliminated by etching or lapping, polishing 
or grinding. The mechanical elimination such as lapping 
is conducted to eliminate a hard film not eliminable by 
etching only or a complicated film (multiple layer). 
[0005] As mentioned above, bulk silicon wafers hav- 
ing used as a process wafer, test wafers, dummy wafers, 
or the like are conventionally reclaimed. The process for 
the reclamation is described typically in Japanese Pat- 
ent Application Laid-Open Nos. 9-237771 and 
7-122532. 

[0006] On the other hand, substrates having a single 
crystal semiconductor layer on an insulation layer (here- 
inafter referred to as an "SOI substrate") which are pro- 
duced by processing of a silicon bulk wafer through var- 
ious steps are not reclaimed. Defective SOI substrates 
after the production, which do not meet the quality 
standard such as uniformity of film thickness, stacking 
fault density, particles, and so forth are rejected and dis- 
carded. 

[0007] However, reclamation of the defective SOI 
substrates are demanded for repeated use in the SOI 
substrate production, or for wafers of other semiconduc- 
tor substrates from the standpoint of cost reduction in 
production of SOI substrates. 

[0008] The formation of single crystal Si semiconduc- 
tor layer on an insulator, namely SOI substrate forma- 
tion, is widely known as silicon-on-insulator (SOI) tech- 



nique. The device utilizing the SOI technique has many 
advantages which cannot be achieved by an ordinary 
bulk Si substrate for Si integrated circuit, as shown be- 
low. 

5 

1 . Ease of dielectric isolation and possibility for high 
integration, 

2. High resistance against radioactive ray. 

3. Low floating capacity and possibility for high 
io speed operation, 

4. Needlessness of the welling process, 

5. Preventableness of latch-up, and 

6. Possibility for formation of a complete depletion 
type of field effect transistor by thinner film forma- 
tion. 

These matters are described in detail in the literature: 
Special Issue, "Single Crystal Silicon on Non-Single- 
Crystal Insulators*, edited by G.W. Cullen, Journal of 
Crystal Growth, vol.63, no.3, pp.429-590 (1983). 
[0009] The SOI structurecan be formed by a process 
including typically an oxygen ion implantation process, 
and a bonding process, 

[0010] The oxygen ion implantation process, called 
SIMOX, was firstly reported by K. Izumi. In this process, 
oxygen ions are implanted into an Si wafer at a density 
of 10 17 to lO^/cm 2 , and thereafter, it is annealed in-an 
argon-oxygen atmosphere at a high temperature of 
about 1320°C. Consequently, Si oxide layer is formed 
by bonding of the implanted oxygen ions to Si around 
the depth corresponding to the projection range (Rp) of 
ion implantation. Simultaneously, above the Si oxide 
layer, the Si layer having turned amorphous by the ox- 
ygen ion implantation crystallizes again to change into 
a single crystal Si layer. Thus the SOI substrate is pro- 
duced. 

[0011] On the other hand, one of the bonding proc- 
esses for semiconductor substrate is disclosed by 
Takao YON EH AR A, one of the inventors of the present 
invention, in Japanese Patent 2,308,351 and U.S. Pat- 
ent 5,371,037. In this process, an SOI substrate is pro- 
duced through steps of preparing a first member having 
a porous single crystal semiconductor layer and a non- 
porous single crystal semiconductor layer; bonding the 
above first member to a second member with interposi- 
tion of an insulating layer and with the above nonporous 
single crystal semiconductor layer placed inside; and re- 
moving the porous single crystal semiconductor layer. 
[0012] Another method of producing an SOI substrate 
is disclosed in Japanese Patent Application Laid-Open 
No. 5-21 112B in which a micro-bubble layer (separation 
layer) is formed in a silicon base plate (first base plate) 
by ion implantation, the first base plate is bonded to a 
second base plate, the bonded article is heat-treated to 
cause rearrangement of crystals and coalescence of the 
bubbles in the bubble layer, and thereby the outermost 
layer (called "thin semiconductor material film" in this 
laid-open patent) is separated at the micro-bubble layer 
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to produce an SOI substrate. The above ion implanta- 
tion is conducted with rare gas ions or hydrogen ions. 
[0013] In preparation of SOI substrates by the bond- 
ing methods, the first substrate having a separation lay- 
er becomes useless after separation ot the SOI struc- 5 
ture. Yonehara, one of the inventors of the present in- 
vention, et al. disclosed a method of reusing the sepa- 
rated first base plate in production of a semiconductor 
substrate in Japanese Patent Application Laid-Open 
No. 7-302889. 

[0014] An example of the method disclosed in the 
above laid-open patent publication is explained below 
by reference to Figs. 10A, 10B, and 1 0C. A surface layer 
of first Si base plate 1 001 is made porous to form porous 
layer 1002. On porous layer 1002, single crystal Si layer 
1 003 is formed. This single crystal Si layer 1 003 is bond- 
ed to the main face ol second Si base plate 1004 with 
interposition of insulating layer 1005 (Fig. 10A). Then 
the bonded wafer is separated at the porous layer (Fig. 
10B). The bared porous Si layer on the surface of the 
second Si base plate is removed selectively to obtain 
an SOI substrate (Fig. 10C). The separated first Si base 
plate 1001 can be reused after removal of the remaining 
porous layer. 

[001 5] According to the above method, the separated 
first Si base plate 1001 is reusable. On the other hand, 
an SOI structure formed on the second Si base plate 
may be defective or may not meet the quality standard 
of film thickness distribution or particles, and so forth. In 
this case, the second base plate, or the SOI substrate 
also needs to be reclaimed. The reclamation of both the 
first Si base plate and the second Si base plate, if it is 
possible, lurther cost reduction can be achieved in pro- 
duction of SOI substrates. 

[0016] In recent several years, many reports have 
been presented regarding the usefulness of the SOI 
structure for higher speed and lower power consump- 
tion of MOSFET (IEEE SOI Conference 1994). With the 
SOI structure, the insulation layer under the element en- 
ables simplification of element separation process in 
comparison with the element formed on a bulk Si wafer, 
whereby the device production process can be simpli- 
fied. Therefore, the SOI substrate not only improve the 
performance of the device, but also reduces the wafer 
cost and the processing cost in total. Because of the 
above advantages, production of SOI substrates is ex- 
pected to grow more, and the reclamation of the SOI 
substrate will be the important problem. 

SUMMARY OF THE INVENTION 

[0017] The present invention intends to provide a 
process for reclaiming an SOI substrate. 
[001 8] The present invention intends also to decrease 
the loss of thickness of the base plate in the reclamation 
process and to decrease the variation of the thickness 
of the base plate over the surface. 
[0019] The present invention further intends to pro- 



vide a method of flattening of the surface of the silicon 
base plate after removal of the insulation layer. 
[0020] The first embodiment of the present invention 
is a process for reclaiming an SOI substrate, comprising 
a step of providing an SOI substrate having a semicon- 
ductor base plate, and a single crystal semiconductor 
layer formed thereon with interposition of an insulation 
layer; a first removal step for removing the single crystal 
semiconductor layer; and a second removal step for re- 
moving the insulation layer selectively. 
[0021 ] The second embodiment of the present inven- 
tion is a process for reclaiming an SOI substrate, com- 
prising a step of preparing an SOI substrate having a 
single crystal semiconductor layer on a semiconductor 
base plate with interposition of an insulation layer, a first 
removal step of removing the single crystal semiconduc- 
tor layer by etching or polishing, and a second removal 
step of removing the insulation layer by etching selec- 
tively. 

[0022] The third embodiment of the present invention 
is a process for reclaiming an SOI substrate, comprising 
oxidizing the single crystal semiconductor layer before 
the above first removal step. 

[0023] The fourth embodiment of the present inven- 
tion is a process for reclaiming an SOI substrate, com- 
prising heat-treating the bared semiconductor base 
plate, after the above second removal step, in a reduc- 
tive atmosphere containing hydrogen. 
[0024] The fifth embodiment of the present invention 
is a process for reclaiming an SOI substrate, comprising 
publishing chemically and mechanically the surface of 
the bared semiconductor base plate after the above sec- 
ond removal step. 

[0025] The sixth embodiment of the present invention 
is a process for reclaiming an SOI substrate, where the 
SOI substrate is prepared by a bonding method. 
[0026] The seventh embodiment of the present inven- 
tion is a process for reclaiming an SOI substrate, where 
the SOI substrate is prepared by a bonding method, and 
the interface between the semiconductor base plate and 
the insulation layer is the bonding face. 
[0027] According to the present invention, the SOI 
substrate can be reclaimed for repeated use in the sem- 
iconductor production process. The SOI substrate can 
be reclaimed repeatedly with little loss of the thickness 
of the base plate of the SOI substrate. Therefore the re- 
claimed base plate can be reused for the uses in which 
the thickness of the base plate is limited. Therefore, the 
present invention is valuable from the standpoint of in- 
dustrial production, resource saving, and environmental 
protection. 

[0028] The reclaimed SOI substrate of the present in- 
vention has surface as flat as that of a bulk wafer, and 
is useful not only a test wafer or a dummy wafer, but also 
as a wafer for production of an SOI substrate repeatedly. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] Fig. 1 is a flow chart showing the process of 
reclamation of an SOI substrate according to the 
present invention. 

[0030] Figs. 2A, 2B, 2C, and 2D are schematic sec- 
tional views illustrating steps for reclaiming an SOI sub- 
strate according to the process (or SOI substrate recla- 
mation of the present invention. 

[0031] Figs. 3A, 3B, and 3C are schematic sectional 
views illustrating the steps of preparing an SOI substrate 
by a bonding method. 

[0032] Figs. 4A, 4B, 4C, 4D, 4E, 4F, 4G and 4H are 
schematic sectional views illustrating the steps of pre- 
paring an SOI substrate by a bonding method and the 
steps of reclamation of an SOI substrate according to 
the present invention. 

[0033] Figs. 5A, 5B, 5C, 5D, 5E, 5F, and 5G are sche- 
matic sectional views illustrating the steps of preparing 
an SOI substrate by a bonding method and the steps of 
reclaiming an SOI substrate according to the present in- 
vention. 

[0034] Figs. 6A, 6B, and 6C are schematic sectional 
views illustrating the steps of reclaiming an SOI sub- 
strate according to the present invention. 
[0035] Figs. 7A, 7B, and 7C are schematic sectional 
views illustrating the steps of reclaiming an SOI sub- 
strate of Comparative Example. 
[0036] Figs. 8A, and 8B are schematic sectional views 
illustrating variation of the amount of grinding or polish- 
ing in the reclamation process. 

[0037] Figs. 9A, and 9B are schematic sectional views 
illustrating variation of the thickness of the reclaimed 
substrate in the reclamation process. 
[0038] Figs. 10A, 10B, and 10C are schematic sec- 
tional views illustrating reuse of a substrate having been 
used for preparation of SOI substrate by bonding. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] The process for reclamation of an SOI sub- 
strate of the present invention is described below in de- 
tail. 

[0040] Generally, the term "SOI substrate" means a 
substrate having a single crystal silicon layer on an in- 
sulation layer. In the present invention, however, the SOI 
substrate is not limited to the above one, but includes 
substrates having a single crystal semiconductor layer 
on an insulation layer. 

[0041] The feature of the process of the present in- 
vention is described by reference to the flow chart 
shown in Fig. 1 . Firstly, an SOI substrate to be reclaimed 
is provided (S1). Secondly, treatment of a first removal 
step is conducted to remove a single crystal semicon- 
ductor layer on the insulation layer (S2). Thirdly, treat- 
ment of a second removal step is conducted to remove 
selectively an insulation layer (S3). Thus a reclaimed 



base plate is obtained (S4). When the surface of the re- 
claimed base plate after the second removal step is re- 
quired to have higher flatness or smoothness, or de- 
creased micro-roughness, a surface treatment (S5) is 

5 conducted after the second removal step (S3) to obtain 
a treated reclaimed base plate (56). 
[0042] The steps shown in the above flow chart (Fig. 
1) is described specifically by reference to schematic 
sectional views of an SOI substrate. SOI substrate 1 is 

io provided which has single crystal semiconductor layer 
4 on semiconductor base plate 2 with interposition of 
insulation layer 3 (Fig. 2A). Such an SOI substrate tobe 
treated in these steps, for example, is the one produced 
by the process mentioned above, but has low quality, 

is not meeting the requirements for the characteristics of 
the single crystal semiconductor layer. Single crystal 
semiconductor layer 4 is removed by the first removal 
step (Fig. 2B). Then insulation layer 3 is selectively re- 
moved by the second removal step (Fig. 2C) to prepare 

20 reclaimed base plate 5. When the reclaimed base plate 
is required to have higher flatness or smoothness of the 
surface, or decreased surface roughness (micro-rough- 
ness) of the surface, a surface treatment is conducted 
to obtained treated reclaimed base plate 5 (Fig. 2D). 

25 [0043] Semiconductor base plate 2 in the present in- 
vention include silicon plates, single crystal silicon 
plates, polycrystal silicon plates, Ge plates, GaAs 
plates, and InP plates. 

[0044] Insulation layer 3 in the present invention in- 

30 eludes silicon oxide layers, silicon nitride oxide layers, 
and silicon nitride layers, and combination thereof. 
[0045] Single crystal semiconductor layer 4 is com- 
prised of a material including Si, Ge, SiGe : SiC, C, 
GaAs, AIGaAs, AIGaSb, InGaAs, InP, InAs, ZnS, CdSe, 

35 and CdTe. The layer may be a single layer of the above 
substance, or lamination of the above layers. 
[0046] In the first removal step, single crystal semi- 
conductor layer 4 can be removed by etching or polish- 
ing. In the removal by etching, the etching method is not 

40 limited, but a method is preferred in which single crystal 
semiconductor layer 4 is etched at a higher rate than 
that of the underlying insulation layer 3. The etching 
method includes wet etching, gas-phase etching, and 
plasma-etching. 

45 [0047] When a single crystal silicon layer as single 
crystal semiconductor layer 4 is etched by wet etching, 
the etchant therefor includes TM AH (tetramethylammo- 
nium hydroxide), KOH, and trimethyl-2-hydroxyethyl- 
ammonium hydroxide. When it is etched by plasma, the 

50 etching method include RIE (reactive ion etching) em- 
ploying CF 4 -0 2 plasma. 

[0048] When a GaAs layer as single crystal semicon- 
ductor layer 4 is etched by wet etching, the etchant 
therefor includes Br^Ch^OH (bromine/methanol mix- 
ss ture), and NH4OH/H2O2/H2O (ammonia/hydrogen per- 
oxide/water mixture). 

[0049] The polishing in the first removal step can be 
conducted by mechanical polishing, chemical polishing, 
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chemical-mechanical polishing (CMP), or electrolytic 
polishing. Of these polishing processes, CMP process 
is preferred for the greater smoothness and flatness of 
the layer surface, and the less distortion by polishing. 
[0050] In the CMP process, a silicon layer as single 
srystal semiconductor layer 4 is polished preferably by 
a mirror-polishing process usually employed in silicon 
wafer production. This mirror-polishing process is de- 
scribed, for example, in a book, •Sirikon no Kagaku (Sci- 
ence of Silicon)", pp 247-248, and 294-295, published 
by Riaraizu K.K. (1996). Specifically, the polishing agent 
employed is an abrasion grain dispersion composed of 
a mixture of a fine abrasion grain powder like fine pow- 
dery silicon oxide (0.05 to 0.24 urn) and a solution of an 
alkali such as sodium hydroxide and potassium hydrox- 
ide. SOI substrate 1 is fixed at the back face by a wax 
onto a glass plate, a ceramic plate or the like. This plate 
is placed with the bonded SOI face directed downward 
on a level block having a polishing cloth sheet bonded 
thereon. The plate and the level block are rotated rela- 
tively with application of a load between the plate and 
the level block with feeding the abrasion grain disper- 
sion at a prescribed rate to conduct CMP process. In 
this process, presumably, a hydrated soft silica film is 
formed by the alkali solution on the wafer, and the hy- 
drated film is removed by the abrasion grain dispersion. 
This polishing process utilizes combination of a chemi- 
cal action and a mechanical action. For example, in pol- 
ishing of SOI substrate having a silicon layer formed on 
a silicon oxide layer, a foreign matter which is not re- 
movable chemically (e.g., a residue formed in SOI pro- 
duction) can be removed mechanically. Since the rate 
of polishing of silicon oxide is extremely low, the polish- 
ing is considered to stop automatically, practically to re- 
move selectively the silicon layer. 
[0051] The abrasion agent includes fine particles 
(size of several to hundred and several tens nanome- 
ters) of colloidal silica, calcined silica, or the like dis- 
persed in an alkali solution (pH 9 to 13). An amine type 
additive may be added thereto for increasing the polish- 
ing speed, or an organic polymer type additive may be 
added thereto for decreasing the surface roughness. 
[0052] The aforementioned second removal step is 
conducted by an etching method capable of removing 
selectively insulation layer 3. Silicon oxide as insulation 
layer 3 can be etched by hydrofluoric acid, or a buffered 
hydrofluoric acid (BHF). BHF etches the silicon oxide 
layer at an etching rate of 1 00 to 250 nm/min, but etches 
little the silicon base plate. The etching may be conduct- 
ed either by liquid-phase etching employing an aqueous 
hydrofluoric acid solution or the like, or by vapor-phase 
etching employing vapor of hydrofluoric acid. Silicon ni- 
tride as insulation layer 3 can be etched by BHF or 
H 3 P0 4 (phosphoric acid). 

[0053] According to the present invention, since insu- 
lation layer 3 as the outermost layer of semiconductor 
substrate 2 is removed by etching, reclaimed semicon- 
suctor base plate 5 has defects such as distortion and 



crystal dislocation less than the defects which will be 
caused by mechanical removal. 
[0054] When greater flatness or smoothness, or de- 
crease of micro-roughness of the bared surface of the 

5 semiconductor base plate is required after removal of 
single crystal semiconductor layer 4 and insulation layer 
3, the surface treatment may be conducted by heat 
treatment or surface polishing, or combination thereof. 
The heat treatment includes hydrogen annealing at an 

io elevated temperature in a reductive atmosphere con- 
taining hydrogen. The hydrogen annealing can flatten 
the surface with less loss of the thickness of semicon- 
ductor base plate 2. The hydrogen annealing is pre- 
ferred for treatment of silicon base plate as semiconduc- 

is tor base plate 2, since the hydrogen annealing allows 
impurities such as boron to diffuse out of the silicon plate 
surface layer to lower the impurity concentration simul- 
taneously with the surface flattening. 
[0055] The temperature of the hydrogen annealing of 

20 silicon base plate as the semiconductor base plate is 
preferably not lower than 300°C and not higher than the 
melting point of silicon, more preferably from 500 to 
1 200°C. The temperature of the hydrogen annealing of 
the base plate other silicon is preferably not lower than 

25 300°C and not higher than the melting point of the con- 
stituting substance. 

[0056] The pressure of the reductive atmosphere for 
the hydrogen annealing may be a higher pressure, an 
atmospheric pressure, or a reduced pressure, but is 
30 preferably not higher than the atmospheric pressure but 
is not lower than 3.9X1 0 -4 Pa, more preferably not high- 
er than the atmospheric pressure but is not lower than 
1.3 Pa. 

[0057] The time length of the hydrogen annealing de- 
35 pends on the required properties, and is not limited. 
Practically, the time ranges from about 1 minute to about 
10 hours. 

[0058] The gas for the hydrogen -containing reductive 
atmosphere may be pure hydrogen gas or a mixture of 
40 hydrogen and an inert gas such as a gas mixture of hy- 
drogen and nitrogen. 

[0059] Naturally, the hydrogen annealing is applica- 
ble, for flattening of the surface, not only in reclamation 
of SOI substrates but also to any semiconductor base 

45 plate, particularly silicon base plates from which its sur- 
face insulation layer has been removed. 
[0060] The surface polishing as the surface treatment 
can be conducted by CMP process. As the CMP proc- 
ess, a touch polish treatment is preferred in which the 

so amount of abrasion is minimized. The amount of the 
abrasion preferably does not exceed 1 u.m, more pref- 
erably in the range from several to several and tens na- 
nometers. The touch polish can be conducted in the 
CMP process by decreasing the load applied between 

ss the plate and the level block. 

[0061] In reclamation of the SOI substrate, single 
crystal semiconductor layer 4 on insulation layer 3 may 
be oxidized into an insulation film, and may be removed 
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together with insulation layer 3. In particular, when insu- 
lation layer 3 is an oxidized silicon layer, the single crys- 
tal silicon layer is changed by oxidation into the same 
substance as the insulation layer. Thus the single crystal 
semiconductor layer and the insulation layer can effec- 
tively be removed simultaneously in one etching step. 
[0062] Naturally, any SOI substrate prepared by other 
method than the oxygen ion implantation, and the bond- 
ing method as mentioned above may be reclaimed ac- 
cording to the present invention. 
[0063] The bonding method for preparation of the SOI 
substrate is conducted specifically, as shown in Figs. 
3A, 3B, and 3C, through the steps comprising providing 
first base plate 9 having single crystal semiconductor 
layer 4 and insulation layer 3 on separation layer 7, 
bonding single crystal semiconductor layer 4 to second 
semiconductor base plate 2 with interposition of insula- 
tion layer 3 to form a multiple layer structure (Fig. 3B), 
and separating the multiple layer structure at the sepa- 
ration layer or removing the separation layer to obtain 
an SOI substrate having the second semiconductor 
base plate and a single crystal semiconductor layer 
bonded thereto with interposition of an insulation layer 
(Fig. 3C). In Figs. 3A to 3C, the numeral 8 indicates a 
supporting base plate. 

[0064] In Fig. 3A, an embodiment that insulation layer 
3 is formed on single crystal semiconductor layer 4 of 
first base plate 9 is schematically shown. Otherwise, in- 
sulation layer 3 may be formed on second semiconduc- 
tor base plate 2. or formed on the both base plates re- 
spectively It is a matter of cause that first base plate 9 
may be bonded to second semiconductor base plate 2 
with interposition of insulation layer 3. 
[0065] Insulation layer 3 may be formed on first base 
plate 9 before separation layer 7 is formed on first base 
plate 9. 

[0066] Separation layer 7 may be formed in a porous 
state by anodization of the base plate on which the sep- 
aration layer is to be formed, or ion implantation into the 
base plate. The ions implanted into the base plate in- 
clude hydrogen ions, ions of rare gases such as helium, 
neon, krypton, and xenon, singly or in combination. The 
ion implantation may be conducted either by usual ion 
implantation technique or by plasma ion implantation 
technique. 

[0067] Separation layer 7 is shown to be formed on 
supporting base plate 8 in first base plate 9 schemati- 
cally in Figs. 3Ato 3B. However, supporting base plate 
may be omitted, or supporting base plate 8 itself may 
have the same structure as the separation layer. 
[0068] Single crystal semiconductor layer 4 can be 
formed on separation layer 7 by CVD including low pres- 
sure CVD, plasma CVD, photo-assisted CVD, and 
MOCVD (metal-organic CVD); a sputtering system (in- 
cluding bias sputtering); a molecular beam epitaxial 
growth; a liquid-phase growth; or the like. 
[0069] The separation at separation layer 7, or remov- 
al of separation layer 7 is described below. 



[0070] The methods of the separation is classified 
roughly into two. In one method of the separation, the 
multiple layer structure is heated from the outside, or 
irradiated with light to accumulate the energy for sepa- 

s ration within the multiple layer structure. Specifically, the 
layer having fine micro bubbles or fine latent micro bub- 
bles formed by implanting ions such as hydrogen ions, 
rare gas ions, and nitrogen ions into the first base plate, 
namely separation layer 7, decreases its density with 

10 increase of the fine voids by receiving the thermal ener- 
gy, whereby the multiple layer structure is separated at 
the layer. This is the method of generating the separa- 
tion energy tn the interior of the multiple layer structure. 
Otherwise, by heating treatment, the separation layer 

ts and/or the vicinity thereof is oxidized from the lateral 
face side to cause separation by utilizing stress pro- 
duced by oxidation film growth. 

[0071] In another method of the separation, the ener- 
gy for the separation is applied directly to the multiple 

20 layer structure from the outside. The method includes 
separation by inserting a wedge to the lateral edge face 
of the multiple layer structure, separation by blowing a 
fluid composed of a liquid containing water and an etch- 
ing solution and/or a gas such as air, nitrogen, and car- 

25 bon dioxide, separation by breaking the separation layer 
by application of pressing forces in opposite directions 
onto the front face and the back face of the multiple layer 
structure, separation by breaking the separation layer 
by application of shearing force to the lateral face of the 

30 multiple layer structure, separation by slicing with an in- 
ner blade or a wire saw, separation by breaking the sep- 
aration layer by application of supersonic vibration. Two 
or more of the above method may be combinedly em- 
ployed. 

35 [0072] The etchant for removing separation layer 7 by 
etching includes aqueous KOH solutions, aqueous 
NaOH solutions, and mixed solutions containing hy- 
drofluoric acid, nitric acid, and acetic acid. 
[0073] The SOI substrate having insulation layer 3 

40 formed on first base plate 9, not on second semiconduc- 
tor base plate 2, can be reclaimed substantially without 
loss of the thickness of the second semiconductor base 
plate 2. 

[0074] An SOI substrate which is formed by the afore- 
45 mentioned bonding method, after the reclamation, the 
bared surface of the second silicon base plate 2 may be 
a bonding interface between the first silicon base plate 
and the second silicon base plate. In such a case, the 
bared bonding face may have residual haze on the 
so bared surface. Here the haze means scattering of re- 
flected light on the surface by fine roughness (cycles of 
several nanometers) of the surface of the silicon base 
plate after removal of the oxide film to give white appear- 
ance. Namely, the term B haze" means a state that a part 
55 of the surface of the silicon base plate is tarnished to 
turn white. One of the causes of the haze is considered 
to be the moisture enclosed in the bonding interface dur- 
ing the bonding. In the present invention, the haze can 
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be cleared by hydrogen annealing or CMP of the surface 
of the reclaimed silicon base plate after the oxide film 
removal. 

[0075] Figs. 4A to 4H illustrates an example of steps 
of production of an SOI substrate by a bonding method, 
and reclamation of the second silicon base plate without 
loss of its thickness substantially. 
[0076] An SOI substrate is produced through steps of 
providing a single crystal silicon base plate (Fig. 4A), 
forming porous silicon layer 77 on the main surface of 
single crystal silicon base plate 10 (Fig. 4B), forming sin- 
gle crystal silicon layer 44 on porous silicon layer 77 
(Fig. 4C), forming thermal oxidation film 33 on the sur- 
face of single crystal silicon layer 44 (Fig. 4D), bonding 
second single crystal silicon base plate 22 thereon to 
obtain a multiple layer structure (Fig. 4E), and separat- 
ing the multiple layer structure at porous silicon layer 77 
or removing porous silicon layer 77 to obtain an SOI sub- 
strate (Fig. 4F). 

[0077] From the SOI substrate formed above, single 
crystal silicon layer 44 is removed in the first removal 
step of the present invention (Fig. 4G), and then thermal 
oxidation film 33 is removed selectively (Fig. 4H). 
[0078] In the above process, second single crystal sil- 
icon base plate 22 can be reclaimed without decreasing 
the thickness thereof from the SOI substrate. Naturally, 
the aforementioned haze can be further reduced by sur- 
face treatment. 

[0079] In another process, from an SOI substrate pre- 
pared as below, the second silicon base plate can be 
reclaimed without loss of the thickness thereof substan- 
tially. The process comprising steps of providing single 
crystal silicon base plate 10 (Fig. 5A), forming thermal 
oxidation film 33 on the surface of the base plate 1 0 (Fig. 
5B) : forming separation layer 77 (for defining the sepa- 
ration position) by implanting rare gas ions or hydrogen 
ions into the base plate having thermal oxidation film 33 
formed thereon (Fig. 5C), forming a multiple layer struc- 
ture by bonding it to second single crystal silicon base 
plate 22 (Fig. 5D), lorming an SOI substrate by separa- 
tion at separation layer 77 (Fig. 5E), removing single 
crystal silicon layer 44 by the first removal step of the 
present invention (Fig. 5F), and removing thermal oxi- 
dation film 33 selectively in the second removal step of 
the present invention (Fig. 5G). Single crystal silicon lay- 
er 44 is a portion of base plate 10 into which portion the 
base plate 10 was partitioned with separation layer 77. 
In the above process, second single crystal silicon base 
plate 22 can be reclaimed substantially without decreas- 
ing the thickness thereof from the SOI substrate. For fur- 
ther surface flatness, surface treatment may be con- 
ducted. 

Embodiment 1 

[0080] A first embodiment of the present invention is 
described by reference to Figs. 2A to 2C. SOI substrate 
1 is provided which comprises semiconductor base 



plate 2 to be reclaimed and single crystal semiconductor 
layer 4 formed thereon with interposition of insulation 
layer 3 (Fig. 2A). Single crystal semiconductor layer 4 
constituting the surface layer of SOI substrate 1 is re- 
5 moved by etching (Fig. 2B). Then Insulation layer 3 is 
removed selectively by etching (Fig. 2C) to obtain re- 
claimed base plate 5. 

Embodiment 2 

10 

[0081 ] A second embodiment of the present invention 
is described by reference to Figs. 2A to 2D. In the same 
manner as in Embodiment 1, single crystal semiconduc- 
tor layer 4 and insulation layer 3 are removed from SOI 
is substrate 1 respectively by etching (Figs. 2A to 2C). 
Thereafter, the surface of reclaimed base plate 5 having 
been bared by the removal of insulation layer 3 by se- 
lective etching is flattened by hydrogen-annealing (Fig. 
2D) to obtain a reclaimed SOI base ptate. 

20 

Embodiment 3 

[0082] A third embodiment of the present invention is 
described by reference to Figs. 2A to 2D. In the same 

25 manner as in Embodiment 1 , single crystal semiconduc- 
tor layer 4 and insulation layer 3 are removed from SOI 
substrate 1 respectively by etching (Figs. 2A to 2C). 
Thereafter, the surface of reclaimed base plate 5 bared 
by removal of insulation layer 3 by selective etching is 

30 flattened by surface polishing (Fig. 2D) to obtain a re- 
claimed SOI base plate. 

Embodiment 4 

as [0083] A fourth embodiment of the present invention 
is described by reference to Figs. 2A to 2C. SOI sub- 
strate 1 is provided which comprises semiconductor 
base plate 2 to be reclaimed and single crystal semicon- 
ductor layer 4 formed thereon with interposition of insu- 

40 lation layer 3 (Fig. 2A). Single crystal semiconductor lay- 
er 4 constituting the surface layer of SOI substrate 1 is 
removed by polishing (Fig. 2B). Then Insulation layer 3 
is removed selectively by etching (Fig. 2C) to obtain re- 
claimed base plate 5. 

45 

Embodiment 5 

[0084] A fifth embodiment of the present invention is 
described by reference to Figs. 2A to 2D. In the same 

so manner as in Embodiment 4, from SOI substrate 1 , sin- 
gle crystal semiconductor layer 4 is removed by polish- 
ing, -and insulation layer 3 is removed selectively by 
etching (Figs. 2A to 2C). Thereafter, the surface of re- 
claimed base plate 5 having been bared by removal of 

55 insulation layer 3 by selective etching is flattened by hy- 
drogen-annealing (Fig. 2D) to obtain a reclaimed SOI 
base plate. 
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Embodiment 6 

[0085] A sixth embodiment of the present invention is 
described by reference to Figs. 2A to 2D. In the same 
manner as in Embodiment 4, from SOI substrate 1 , sin- s 
gle crystal semiconductor layer 4 is removed by polish- 
ing, and insulation layer 3 are removed selectively by 
etching (Figs. 2A to 2C). Thereafter, the surface of re- 
claimed base plate 5 bared by removal of insulation lay- 
er 3 by selective etching is flattened by surface-polishing i o 
(Fig. 2D) to obtain a reclaimed SOI base plate. 

Embodiment 7 

[0086] A seventh embodiment of the present inven- is 
tion is described by reference to Figs. 6A to 6C. SOI 
substrate 1 is provided which is the object of the recla- 
mation (Fig. 6A). SOI substrate 1 comprises semicon- 
ductor base plate 2, and single crystal semiconductor 
layer 4 formed thereon with interposition of first insula- 20 
tion layer 3. Single crystal semiconductor layer 4 is ox- 
idized into second insulation layer 12 (Fig. 6B). In the 
case where second insulation layer 1 2 is formed by ther- 
mal oxidation, back side insulation film 1 3 is formed also 
on the back face of semiconductor base plate 2. Second 25 
insulation layer 12, and first insulation film 3 are re- 
moved by etching. Back insulation layer 13, if it is 
formed, is simultaneously removed. Thereby, reclaimed 
silicon base plate 5 is obtained. In particular, in the case 
where first insulation layer 3 and second insulation layer 30 
12 are comprised of the same material (e.g., silicon ox- 
ide), single crystal semiconductor layer 4 and first insu- 
lation layer 3 can be removed simultaneously in one 
step. Thereby the etching step is simplified with less 
contamination by the etching chemical in the base plate as 
reclamation process. 

Example 1 

[0087] An SOI substrate of 400 |im thick was provided *o 
which is comprised of a silicon base plate, and a single 
crystal silicon layer of 0.2 (am thick formed thereon with 
interposition of a silicon oxide layer of 0.2 urn thick. 
[0088] Firstly the single crystal silicon layer was re- 
moved by a silicon etching process. The etching was 45 
conducted by wet etching with aqueous tetramethylam- 
monium hydroxide solution (0.5% by weight). This aque- 
ous solution etches silicon at an etching rate of 0.2 to 
0.3 fam/min, but etches silicon oxide at a rate as low as 
3 A/min. Therefore, the etching stopped automatically so 
when the single crystal silicon layer came to be com- 
pletely etched. In the wet etching, usually the back face 
of the silicon base plate is also brought into contact with 
the etchant, and the etching proceeds at the back face. 
However, even when 50% excess etching is conducted ss 
for the single crystal silicon layer of 0.2 ^im thick, the 
etching of the back face of silicon base plate is about 
0.3 urn thick. Naturally, the back face may be coated by 



a photoresist spin coating or the like method to prevent 
the back face etching. 

[0089] Then the silicon oxide layer was removed by a 
silicon oxide etching process. The etching was conduct- 
ed by wet etching with an aqueous hydrofluoric acid so- 
lution. This aqueous solution etches silicon oxide rapid- 
ly, but is almost inert to silicon. Therefore, the etching 
stopped automatically when the silicon oxide layer came 
to be completely etched, not causing loss of the thick- 
ness of the silicon base plate. Thus, the. silicon base 
plate was reclaimed. 

[0090] Thereafter, the surface of the reclaimed silicon 
base plate was flattened by hydrogen annealing under 
the ann ealing conditions of the gas atmosphere of 1 00% 
hydrogen, the heating temperature of 1100°C, the heat- 
ing time of about 4 hours. In the annealing under the 
above conditions, the loss of the thickness of the re- 
claimed silicon was negligible (about 0.001 jim). 
[0091] A reclaimed silicon base plate having excellent 
surface flatness was obtained through the above steps. 
The loss of the plate thickness through the above steps 
was 0.2 jam of the silicon oxide layer, 0.2 jim of the single 
crystal silicon layer, and 0.3 |im of back side etching in 
the silicon etching step, the total being 0.7 jim, which 
corresponds to about 0.2% of the thickness of original 
SOI substrate. 

[0092] Incidentally, etching can occur at the edge face 
of the silicon base plate similarly as the back face etch- 
ing to cause dimension change in the plane direction of 
the silicon base plate, which is extremely small and is 
negligible in comparison with the size of the silicon base 
plate (e.g., 200 mm in diameter). 

Comparative Example 1 

[0093] The same SOt substrate as in Example 1 was 
provided (Fig. 7A). This SOI substrate 1 was subjected 
to grinding (Fig. 7B) and polishing (Fig. 7C) to remove 
insulation layer 33, single crystal silicon layer 44, and a 
part of silicon base plate 22 to obtain reclaimed silicon 
base plate 5. In the above removal treatment, the re- 
moved layer thickness t was about 25 jim. In the above 
treatment, a part of silicon base plate 22 was removed 
to cancel the defects such as distortion caused by the 
treatment and crystal dislocation on the surface of sili- 
con substrate 22. In the above reclamation treatment, 
the thickness of silicon base plate 22 decreased by 
about 6%. 

[0094] Generally, in a process of SOI substrate pro- 
duction or in a production line of semiconductor devices, 
allowable thickness range of the silicon base plate is lim- 
ited by the production equipment When the allowable 
thickness of the silicon base plate is not less than 95% 
of the original thickness, the above reclaimed silicon 
base plate is not in the allowable thickness range, and 
is not reusable. Even when the allowable thickness 
thereof is not less than 90% of the original thickness, 
the above reclaimed silicon base plate may get out of 
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the allowable limit after two or more times of repeated 
reclamation, disadvantageously. 
[0095] From the results above, the SOI base plate can 
be reclaimed with extremely little loss ol the thickness 
of the silicon base plate according to the present inven- s 
tion. 

Comparative Example 2 - 

[0096] A case is considered where insulation layer 3 
is removed by polishing or grinding. SOI substrate 1 
comprising silicon base plate 22, and single crystal sili- 
con layer 44 is provided as shown in Fig. 8A. To reclaim 
the base plate, insulation layer 3 is removed by polishing 
or grinding. The variation of the amount of the polishing 
or the grinding may cause nonuniform ity of the thickness 
of reclaimed silicon base plate as shown in Fig. 8B. 
[0097] In the present invention, insulation layer 3 can 
be selectively removed without causing the variation of 
the thickness of the reclaimed base plate differently from 
this Comparative Example 2. 

Example 2 

[0098] An SOI substrate was provided which was the 
same as that in Example 1. The single crystal silicon 
layer was removed by etching in the same manner as 
in Example 1 . Then the silicon oxide layer was removed 
by selective etching with BHF as the etchant. The bared 
surface of the silicon base plate was subjected to chem- 
ical-mechanical polishing (CMP) with a dispersion of 
colloidal silica in a sodium hydroxide solution as the pol- 
ishing agent. Thereby the surface of the base plate was 
flattened with the thickness decrease t of 10 pm. 

Comparative Example 3 

[0099] A phenomenon is explained which occurs in 
removal of silicon layer 44 and insulation layer 3 by pol- 
ishing, by reference to Figs. 9 A to 9B. 
[0100] In selected removal of insulation layer 3 and 
silicon layer 44 with strict control of the amount of the 
polishing, the problem arises as below. Fig. 9A shows 
a state of polishing of silicon base plate 22 having var- 
iation in the thickness. When the thickness variation of 
silicon base plate 22 before the polishing is larger than 
the sum of the thicknesses of insulation layer 3 and sil- 
icon layer 44, there are formed a region where the sur- 
face portion of silicon base plate 22 is removed by pol- 
ishing, and another region where insulation layer 3 is 
partly left unpolished. This is caused because the back 
face of silicon base plate 22 is employed as the refer- 
ence level of working in usual polishing. Insulation layer 
3 left unpolished causes inconvenience in the reuse, 
whereas large polishing amount to avoid the problem 
increases the loss of thickness of silicon base plate 22. 
[0101] On the other hand in the present invention, in- 
sulation layer 3 is removed selectively by etching, and 



subsequently polished by CMP, whereby insulation lay- 
er 3 is removed completely and the loss of the layer 
thickness in reclaiming silicon base plate 5 is minimized 
without variation of the thickness. 

Example 3 

[0102] An SOI substrate of 400 jam thick was provided 
which is comprised of a silicon base plate, and a single 
crystal silicon layer of 0.2 u.m thick formed thereon with 
interposition of a silicon oxide layer of 0.2 ujti thick. 
[0103] To reclaim this SOI substrate, firstly the single 
crystal silicon layer was removed by CMP. The polishing 
agent employed was an abrasion grain dispersion com- 
posed of a mixture of a fine abrasion grain powder of 
silicon oxide and an alkali such as sodium hydroxide. 
SOI substrate 1 was fixed at the back face by a wax onto 
a glass plate. This plate was placed with the bonded SOI 
face directed downward on a level block having a pol- 
ishing cloth sheet bonded thereon. The plate and the 
level block were rotated relatively with application of a 
load between the plate and the level block with feeding 
of the abrasion grain dispersion at a prescribed rate to 
conduct CMP process. This polishing process utilizes 
combination of a chemical action and a mechanical ac- 
tion. A foreign matter which is not removable chemically 
(a residue formed in SOI production) on the surface of 
the single crystal silicon layer can be removed mechan- 
ically. Since the rate of polishing of silicon oxide is ex- 
tremely low, the polishing isconsidered to stop automat- 
ically, practically to remove selectively silicon layer. 
[0104] Next, the silicon oxide layer was removed in 
the silicon oxide etching step. The etching was conduct- 
ed by wet etching with an aqueous buffered hydrofluoric 
acid solution. Thus a reclaimed silicon base plate was 
obtained. 

[0105] The reclaimed silicon base plate after comple- 
tion of the silicon oxide etching can be reused without 
further treatment. However, the reclaimed silicon base 
plate was subjected to hydrogen annealing for further 
flattening of the surface in a reductive atmosphere con- 
taining hydrogen at 1100°C for one hour. 
[0106] Consequently, a reclaimed silicon base plate 
was obtained with excellent surface flatness. 
[0107] In the case where the SOI substrate is pre- 
pared by a bonding method, and the bonding interface 
is bared by etching of the silicon oxide, aportbn of the 
interface may be hazed. The haze can be decreased or 
cleared by the hydrogen annealing. 
[0108] This reclaimed silicon base plate is useful not 
only as a test wafer or a monitor wafer but also for pro- 
duction of the SOI substrate repeatedly. 

Example 4 

[0109] An SOI substrate was provided which was the 
same as that in Example 3. The single crystal silicon 
layer was removed by CMP, and the silicon oxide layer 
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was removed by selective etching in the same manner 
as in Example 3. The resulting reclaimed silicon base 
plate was subjected to touch polishing for surface flat- 
ness. The thickness decrease was 1 um 
[0110] Through the above steps, a reclaimed silicon s 
base plate was obtained with excellent surface flatness. 
[0111] In the case where the SOI substrate is pre- 
pared by a bonding method, and the bonding interface 
is bared by etching of the silicon oxide, a portion of the 
interface may be hazed. The haze can be decreased or 
cleared by the touch polishing. 

[0112] This reclaimed silicon base plate is useful not 
only as a test wafer or a monitor wafer but also for pro- 
duction of the SOI substrate repeatedly. 
[0113] The thickness loss through the above steps 
was 0.2 u.m of the silicon oxide layer, 0.2u/nof the single 
crystal silicon layer, and the touch polishing loss of 1 
urn, namely 1.4 u/n in total, which corresponded to 
about 0.35% of the thickness of the original SOI sub- 
strate. 

[0114] The present invention is characterized in that 
the process of removal of the surface layers of the silicon 
base plate comprises a polishing step and a subsequent 
etching step. Thereby, relatively thick layer of the layer 
structure can be removed selectively in a short time with 
little loss of the base plate thickness. Furthermore, when 
no suitable etchant is found for an upper layer of a layer 
structure comprised of two or more layers, the layers 
can be removed selectively with little loss of the base 
plate thickness. 

Example 5 

[0115] An SOI substrate of 400 ujn thick was provided 
which is comprised of a silicon base plate, and a single 
crystal silicon layer of 0.2 u.m thick formed thereon with 
interposition of a first silicon oxide of 0.2 jam thick. 
[0116] Firstly the single crystal silicon layer was oxi- 
dized by thermal oxidation to form a second silicon oxide 
layer. In the thermal oxidation, the back face of the sili- 
con base plate was also oxidized in the same thickness 
as the single crystal silicon layer, namely 0.2 um to form 
a back face silicon oxide layer. 

[0117] Next, the first silicon oxide layer, the second 
silicon oxide layer, and the back face silicon oxide layer 
were removed by wet etching in a silicon oxide etching 
step. The wet etching was conducted with an aqueous 
solution of BHF (buffered hydrofluoric acid). This aque- 
ous solution etches silicon oxide rapidly, but is almost 
inert to silicon. Therefore, the etching stopped automat- 
ically, when the first silicon oxide layer, the second sili- 
con oxide layer, and the back face silicon oxide layer 
came to be completely etched, not causing loss of the 
thickness of the silicon base plate. Thus, the silicon base 
plate was reclaimed. 

[0118] The thickness loss through the above steps 
was 0.2 urn of the first silicon oxide layer, 0.2 um of the 
single crystal silicon layer, and 0.2 um of the back face 



portion of the silicon base plate, namely 0.6 jam in total, 
which corresponded to about 0.15% of the thickness of 
the original SOI substrate. 

[011 9] Thus a reclaimed base plate and a process for 
production thereof are provided in which the loss of the 
thickness of the base plate is decreased, according to 
this Example. In this process, the silicon layer and the 
insulalion layer can be removed simultaneously in one 
step, whereby the etching step is simplified. Further, ir- 
regular etching of the back face of the silicon base plate 
is not caused, and contamination by an impurity formed 
from chemicals is reduced. 

[0120] According to the present invention, layer por- 
tion can be selectively removed from an SOI substrate 
having a layer structure, so that a base plate can be re- 
claimed with extremely little loss of the thickness of the 
base plate. 

[0121] The reclaimed base plate, according to the 
present invention, can be reused repeatedly in applica- 
tions having thickness limitation because of extremely 
little loss of the thickness in the reclamation. Therefore, 
the present invention is advantageous from the stand- 
point of industrial production, resource saving, and en- 
vironmental protection. 



Claims 

A process for reclaiming an SOI substrate, compris- 
ing a step of providing an SOI substrate having a 
semiconductor base plate, and a single crystal sem- 
iconductor layer formed thereon with interposition 
of an insulation layer; a first removal step for remov- 
ing the single crystal semiconductor layer; and a 
second removal step for removing the insulation 
layer selectively. 

2. The process for reclaiming an SOI substrate ac- 
cording to claim 1 , which comprises a step of oxi- 
dizing the single crystal semiconductor layer prior 
to the first removal step. 

3. The process for reclaiming an SOI substrate ac- 
cording to claim 1 , wherein the first removal step is 
conducted by etching. 

4. The process for reclaiming an SOI substrate ac- 
cording to claim 3, wherein the etching of the first 
removal step is conducted with a solution of tetram- 
ethylammonium hydroxide, KOH, or trimethyl-2-hy- 
droxyethylammonium hydroxide as an etchant. 

5. The process for reclaiming an SOI substrate ac- 
cording to claim 1 , wherein the first removal step is 
conducted by polishing. 

6. The process for reclaiming an SOI substrate ac- 
cording to claim 5, wherein the polishing is chemi- 
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cal-mechanical polishing (CMP). 

7. The process for reclaiming an SOI substrate ac- 
cording to claim 1 , wherein the second removal step 
is conducted by etching. 

8. The process for reclaiming an SOI substrate ac- 
, . cording to claim 7, wherein the etching of the sec- 
ond removal step is conducted with hydrofluoric ac- 
id, or buffered hydrofluoric acid as an etchant. 

9. The process for reclaiming an SOI substrate ac- 
cording to claim 1 , which comprises a step of heat 
treatment of the semiconductor base plate bared by 
the second removal step in a reductive atmosphere 
containing hydrogen. 

10. The process for reclaiming an SOI substrate ac- 
cording to claim 1, which comprises a step of pol- 
ishing of the surface of the semiconductor base 
plate bared by the second removal step. 

11. The process for reclaiming an SOI substrate ac- 
cording to claim 10, wherein polishing of the surface 
of the semiconductor base plate bared by the sec- 
ond removal step is conducted by chemical-me- 
chanical polishing (CMP). 

12. The process for reclaiming an SOI substrate ac- 
cording to claim 10, wherein polishing of the surface 
of the semiconductor base plate bared by the sec- 
ond removal step is conducted by touch polishing. 

13. The process for reclaiming an SOI substrate ac- 
cording to claim 1 , wherein the SOI substrate is pre- 
pared by a bonding method. 

14. The process for reclaiming an SOI substrate ac- 
cording to claim 1 3, wherein an interface between 
the semiconductor base plate and the insulation 
layer is the bonding face. 

15. The process for reclaiming an SOI substrate ac- 
cording to claim 14, wherein the bonding method is 
a process for preparing the SOI substrate conduct- 
ed through steps comprising a step of preparing a 
first base plate having the single crystal semicon- 
ductor layer on a porous layer, and a step of forming 
a multiple layer structure by bonding the first base 
plate and a second base plate with interposition of 
the insulating layer with the single crystal semicon- 
ductor layer placed inside. 

16. The process for reclaiming an SOI substrate ac- 
cording to claim 15, wherein the insulation layer is 
formed on the single crystal semiconductor layer of 
the first base plate. 



17. The process for reclaiming an SOI substrate ac- 
cording to claim 14, wherein the bonding method is 
a process for preparing an SOI substrate conducted 
through steps comprising a step o1 preparing first 

s base plate having the single crystal semiconductor 
layer on a separation layer, and a step of forming a 
multi-layered structure by bonding the first sub- 
strate and the second substrate with interposition 
of the insulating layer with the single crystal semi- 

io conductor layer placed inside. 

18. The process for reclaiming an SOI substrate ac- 
cording to claim 1 7, wherein the insulation layer is 
formed on the single crystal semiconductor layer on 

is the first base plate. 

19. The process for reclaiming an SOI substrate ac- 
cording to claim 17 or 18, wherein the separation 
layer is formed by implanting rare gas ions or hy- 

20 drogen ions into the single crystal silicon base plate. 

20. The process for reclaiming an SOI substrate ac- 
cording to claim 1 , wherein the SOI substrate is pre- 
pared by a process comprising a step of implanting 

ss oxygen ions into the single crystal silicon base 
plate, and a step of heat-treating the single crystal 
silicon base plate. 

21 . The process for reclaiming an SOI substrate ac- 
30 cording to any of claims 1 to 18, wherein the single 

crystal semiconductor layer is a single crystal sili- 
con layer. 

22. The process for reclaiming an SOI substrate ac- 
35 cording to any of claims 1 to 18, wherein the single 

crystal semiconductor layer contains, as a consti- 
tuting substance, at least one selected from the 
group of Ge, Si, SiC, C, GaAs, AIGaAs, AIGaSb, 
InGaAs, InP, and InAs. 

40 

23. The process for reclaiming an SOI substrate ac- 
cording to any of claims 1 to 18, wherein the semi- 
conductor base plate is a single crystal silicon base 
plate. 

45 

24. The process for reclaiming an SOI substrate ac- 
cording to any of claims 1 to 18, wherein the insu- 
lation layer is a silicon oxide layer. 

so 25. The process for reclaiming an SOI substrate ac- 
cording to any of claims 1 to 18, wherein the insu- 
lation layer is a silicon nitride layer or a silicon nitride 
oxide layer. 

55 26. The process for reclaiming an SOI substrate ac- 
cording to claim 15, wherein the second base plate 
is a single crystal silicon base plate. 
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27. The process for reclaiming an SOI substrate ac- 
cording to claim 15 or 16, wherein the porous layer 
is formed by making porous the surface of the sili- 
con base plate by anodization. 

£ 

28. The process for reclaiming an SOI substrate ac- 
cording to claim 1 , in which the SOI substrate is pre- 
pared through steps of preparing a first base plate 
having a silicon oxide layer on a porous silicon layer 
with interposition of a single crystal silicon layer, io 
forming a multiple layer structure by bonding the 
first base plate to a second silicon base plate with 
the silicon oxide layer placed inside, and separating 
the multiple layer structure at the porous silicon lay- 
er or removing the porous silicon layer to have the ^ 
single crystal silicon layer on the second silicon 
base plate with interposition of the silicon oxide; 
wherein the single crystal silicon layer is removed 

by etching or polishing in the first removal step, the 
silicon oxide layer is removed selectively by etching 20 
in the second removal step, and the surface of the 
second silicon base plate bared by the second re- 
moval step is subjected to heat-treatment under a 
reductive atmosphere containing hydrogen, or 
chemical-mechanical treatment. 25 

29. The process for reclaiming an SOI substrate ac- 
cording to claim 1 , in which the SOI substrate is pre- 
pared through steps of preparing a first base plate 
having a silicon oxide layer on a separation layer 30 
with interposition of a single crystal silicon layer, 
forming a multiple layer structure by bonding the 
first base plate to a second silicon base plate with 
the silicon oxide layer placed inside, and separating 
the multiple layer structure at the separation layer 35 
to have the single crystal silicon layer on the second 
silicon base plate with interposition of the silicon ox- 
ide; 

wherein the single crystal silicon layer is removed 
by etching or polishing in the first removal step, the 40 
silicon oxide layer is removed selectively by etching 
in the second removal step, and the surface of the 
second silicon base plate bared by the second re- 
moval step is subjected to heat -treatment under a 
reductive atmosphere containing hydrogen, or 4S 
chemical-mechanical treatment. 

30. The process for reclaiming an SOI substrate ac- 
cording to claim 29, wherein the separation layer is 
formed by implanting rare gas ions or hydrogen ions so 
into the silicon base plate. 

31. The process for reclaiming an SOI substrate ac- 
cording to claim 1 , wherein the SOI substrate is pre- 
pared by a bonding method, and interface between ss 
the semiconductor base plate and the insulation 
layer is the bonding face, and the single crystal 
semiconductor layer is removed by etching or pol- 



ishing in the first removal step, the insulation layer 
is removed selectively by etching in the second re- 
moval step, and the surface of the second semicon- 
ductor base plate bared by the second removal step 
is subjected to heat-treatment under a reductive at- 
mosphere containing hydrogen, or chemical-me- 
chanical treatment. 

32. A reclaimed base plate, produced by the process 
for reclaiming an SOI substrate as set forth in any 
of claims 1 to 18, 20, 26, and 28 to 31 . 

33. A reclaimed base plate, produced by the process 
for reclaiming an SOI substrate as set forth in claim 
19. 

34. A reclaimed base plate, produced by the process 
for reclaiming an SOI substrate as set forth in claim 
21. 

35. A reclaimed base plate, produced by the process 
for reclaiming an SOI substrate as set forth in claim 
22. 

36. A reclaimed base plate, produced by the process 
for reclaiming an SOI substrate as set forth in claim 
23. 

37. A reclaimed base plate, produced by the process 
for reclaiming an SOI substrate as set forth in claim 
24. 

38. A reclaimed base plate, produced by the process 
for reclaiming an SOI substrate as set forth in claim 
25. 

39. A reclaimed base plate, produced by the process 
for reclaiming an SOI substrate as set forth in claim 

27. 

40. The process for reclaiming an SOI substrate ac- 
cording to claim 17, wherein the second base plate 
is a single crystal silicon base plate. 



12 



JSDCCID: <EP 0933810A1_I_> 



EP 0 933 810 A1 



FIG. 1 



S1 



STEP FOR PREPARATING 
SOI SUBSTRATE 







FIRST REMOVAL STEP 



S3 



SECOND REMOVAL STEP 



\ 




S5 


RECLAIMED BASE PLATE 


SURFACE TREATMENT STEP 








S6 


RECLAIMED BASE PLATE 





EP 0 933 810 A1 



FIG. 2A ¥ 




FIG. 2B 




FIG. 2C 5 




FIG. 2D s 




14 



EP 0 933 810 A1 



r 



FIG. 3A< 



v 




FIG. 3B 




FIG. 3C 




0933810A1_I_> 



1S 



EP0 933 810 A1 



FIG. 4A 



10 



FIG. 4B 



^ ^ ■> i ^ 



77 



FIG. 4C 



-44 
77 



FIG. 4D 



£-44 



FIG. 4E 



^77 
-44 

"33 

22 



F/G. 4F 



-44 

"33 

22 



F/G. 4G 



"33 
22 



F/G. 



22 



16 



09338 10A1_I_> 



EP 0 933 810 A1 



FIG. 5A 



-10 



FIG. 5B 



^33 



-10 



FIG. 5C 



^33 
£-44 



F/G. 5D 



t 77 

s fc-44 

4 -2? 



F/G. 5E 



^^^^^^^^^^ 



-44 

"33 
22 



F/G. 5F 



"33 
22 



F/G. 5G 



•22 



_0933810A1J_> 



17 



EP0 933 810 A1 



FIG. 6A 



h-4 



—2 



FIG. 6B 




FIG. 6C 




FIG. 7A 




FIG. 7B 




FIG. 7C 



^1 

•j — i 



18 



EP 0 933 810 A1 



FIG. 8A 

FIG. 8B 

FIG. 9A 
FIG. 9B 




^SDOCID: <EP 0933810A1 J_> 



EP 0 933 810 A1 



FIG. 10A 



1003- =; 



YZZZZZZZZZZZZZZZZ^r™ 

-1005 



-1001 



—1004 



r 



FIG. 10B< 



1003- 



V 



z z z z z 



zz 



1001 



-1002 
-1005 

-1004 



F/G. 70C< 



1003-e: 



1001 



-1005 



V 



-1004 



JSDOCID: <EP 0933810A1_I_> 



20 



EP 0 933 810 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 0615 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages . 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int-CLe) 



US 5 622 875 A (LAWRENCE JOHN E) 
22 April 1997 

* abstract; claims; figures * 

EP 0 793 263 A (CANON KK) 3 September 1997 

* abstract; claims; figures * 



1,3-12, 

28,29, 

31-40 



1,13-40 



H01L21/762 
H01 L2 1/20 



TECHNICAL FIELDS 
SEARCHED <mt.Cto) 



H01L 



The present search report has been drawn up for all claims 



Pl«c* ot March 

THE HAGUE 



Oat* of comptotoo ot the • 

28 May 1999 



Wirner, C 



CATEGORY OF ClTEO DOCUMENTS 

X : particularly relevant if taken alone 

V : particularly relevant it combined with another 

document ot the same category 
A : technological background 
O : non-written disclosure 
P ; intermediate document 



T : theory or prindple underlying the Invention 
E earlier patent document, but published on. or 

after the filing date 
D : document died In the application 
L : document cited lor ether reasons 

& : member of the same patent lamily. corresponding 
document 



21 



NSDOCID: <EP 093381 OA 1J_> 



EP0 933 810 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. E? 99 30 0615 



This anne< lists me patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

28-05-1999 



Patent document 




Publication 




Patent family 




Publication 


citeo in search report 




date 




member(s) 




date 


US 5622875 


A 


22-04-1997 


NONE 








EP 0793263 


A 


03-09-1997 


OP 


9237884 


A 


09-09-1997 








CA 


2198552 


A 


28-08-1997 








CN 


1169025 


A 


31-12-1997 








SG 


55280 


A 


21-12-1998 



f 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



22 



0933810A1_I_> 



